Background: Aortic root size is an important parameter in vascular diseases and can be easily assessed by transthoracic echocardiography. However, measurements values may vary according to cardiac cycle and the definition used for edge. This study aimed to define normal values according to the measurement method specified by two different guidelines to determine the influence of the different methods on echocardiographic measurements. Methods: Healthy Korean adults were enrolled. The aortic root diameters were measured twice at four levels (aortic annulus, sinuses of Valsalva, sinotubular junction, and ascending aorta) by the 2005 American Society of Echocardiography (ASE) guidelines (measured from leading edge to leading edge during diastole) and the 2010 ASE pediatric guidelines (measured from inner edge to inner edge during systole). Results: One hundred twelve subjects aged 20-69 years were enrolled. The aortic diameters (cm) determine by the aforementioned two guidelines showed significant difference. Measurements were larger in 2005 ASE guideline at aortic annuls, sinuses of Valsalva, and sinotubular junction level, but smaller at ascending aortic level with 2-3mm of differences. Intraobserver variability was similarly good, but interobserver variability was slightly higher than intraobserver variability in both measurement methods. BSA and age was most important determinant for aortic root size. Conclusions: The measurement method of aortic root can affect the echocardiographic result. The measurement method should be noted when assessing clinical significance of aortic root measurement.
Background
Measurement of aortic diameter is important for diagnosis and monitoring of vascular diseases [1] [2] [3] . For instance, diagnostic criteria of Marfan syndrome include aortic root dilation and change of aortic root size is a marker for aortic complications and indication of surgery [1, 3, 4] . It has also been suggested that aortic root dilation may be associated with higher cardiovascular morbidity and mortality in subjects without previous cardiovascular disease [5, 6] .
Transthoracic echocardiography (TTE) can easily access the aortic root and repeated measurements are safe and reliable [7, 8] . Several guidelines have suggested specified measurement methods to improve the reliability and validity of aortic root measurements with TTE [2, [9] [10] [11] . However, aortic root size may change according to cardiac cycle and definition for edge, and variable results of aortic root size can be reported in the same subject [2, 11] .
Recently, the American Society of Echocardiography (ASE) introduced a new pediatric guideline that specifies measurement method from the inner edge to the inner edge during systole [2] , which differs from the previous ASE chamber quantification guidelines in adults [11] . Because patients with vascular disease frequently deve-lop their disease from childhood [1, 4] , different measurement methods could affect measurement result when patients move from pediatric to adult clinic. The aim of this study was to define normal values of aortic root diameters according to the measurement method based on the two different guidelines and to determine if their measurement values and associations with clinical characteristics are influenced by measurement methods.
Methods

Study population
Clinically normal Korean adults (20-69 years, n=112) were prospectively recruited. All subjects were asymptomatic and had no history of cardiovascular disease. Exclusion criteria were history of hypertension or antihypertensive treatment, history of diabetes mellitus, end-stage renal disease, and other acute or chronic systemic diseases. Informed consent was obtained from each participant. Our institutional review board approved the study. Body surface area (BSA) was computed using the Dubois and Dubois formula [12] : BSA (m 2 ) = 0.007184 × height (cm) 0.725 × weight (kg) 0.425 .
Echocardiography
TTE was performed using a Vivid 7 instrument (GE Medical Systems, Horten, Norway) with subjects in the left lateral decubitus position. The subjects were required to rest for 5 minutes before examination. All examinations were carried out by a single experienced sonographer who was blinded to the clinical data. Image was acquired by single sonographer and measurement was performed after closing of exam by two sonographers. The aortic root diameters were measured at four levels (aortic annulus, sinuses of Valsalva, sinotubular junction, and ascending aorta) with the use of a parasternal long-axis view. One measurement was performed according to the 2005 ASE chamber quantification guidelines ( Figure 1A ) [11] . The aortic root diameters were measured in diastole, perpendicular to the long axis of the aorta, using the leading edge to leading edge technique. Thus, our measurements included the anterior wall of the aorta and not the posterior wall. The second measurement was obtained according to the 2010 ASE pediatric measurements guidelines ( Figure 1B ) [2] . The maximal aortic diameter was measured from the inner edge to inner edge of the aortic wall during ventricular systole on an axis perpendicular to the path of blood flow.
To assess intraobserver and interobserver variability, two experienced sonographers measured aortic root diameter of randomly selected 20 subjects.
Statistical analysis
Continuous variables were described as mean ± SD. Categorical variables were expressed as a number and as a percentage (%). One-way analysis of variances (ANOVA) was used to compare the differences among age groups. Paired t-test was performed to compare the measurement result of aortic root parameters using two different guidelines.
Correlations between clinical characteristics and aortic root diameters obtained with two different guidelines were analyzed using multiple linear regression analysis. Sex was coded as dummy variable (male, 1; female, 0). DBP was input to regression models because it showed higher correlation with aortic diameters than SBP did in all the levels of aortic root. SBP was not adopted as the models for preventing collinearity because of higher correlation between SBP and DBP (r=0.901). A z score was also calculated for each aortic root measurement with standard algorithms. The z score meant the standard deviation (SD) from the mean aortic diameter normalized for the subject's BSA and age [9, 13, 14] .
Intraclass correlation coefficient (ICC) was used as a measure of the magnitude of reliability agreement. The ICC is the proportion of the variability of different ratings of the same subject to the total variation across all ratings for all subjects [15, 16] . The ICC is large (i.e.,~1) when there is little variance. A P < 0.05 was considered to be statistically significant. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 18.0 for Windows.
Results
Our study population consisted of 60 men and 52 women, aged 20-69 years (mean 44.2 ± 13.1 years). Clinical characteristics according to age groups are presented in Table 1 . Systolic blood pressure (SBP) and diastolic blood pressure (DBP) had a tendency to increase, and BSA decreased as age increased. The mean aortic diameters (cm) determined by the aforementioned 2005 and 2010 pediatric guidelines were: aortic annulus, 2.33 ± 0.24 and 2.15 ± 0.21; sinuses of Valsalva, 3.24 ± 0.38 and 3.11 ± 0.35; sinotubular junction, 2.61 ± 0.32 and 2.60 ± 0.29; and ascending aorta, 2.67 ± 0.41 and 2.91 ± 0.37, respectively. The mean aortic diameters obtained by the 2005 ASE guidelines and 2010 ASE pediatric guidelines according to age groups are presented in Table 2 . The diameters of sinuses of Valsalva, sinotubular junction, and ascending aorta increased with age. The differences of these diameters according to age groups were statistically significant by use of ANOVA ( Figure 2 ). The diameters of aortic annulus, sinuses of Valsalva, sinotubular junction were larger, but that of ascending aorta was smaller when measured by the 2005 ASE guidelines than by the 2010 ASE pediatric guidelines. The mean differences between these diameters measured by 2005 ASE guidelines and 2010 ASE pediatric guidelines were statistically significant ( Table 2) .
Associations between clinical characteristics and aortic root diameters obtained with two different guidelines are presented in Table 3 . Diameters of sinus of Valsalva, sinotubular junction, and ascending aorta showed significant positive correlation with age; however, aortic annulus size did not show significant relationship with age. On the other hands, aortic annulus size showed significant correlation with BSA and gender. DBP showed significant correlation with ascending aorta diameter only measured by 2005 ASE guideline. Table 4 shows the regression results for aortic root measurements on BSA in each age group using 2005 ASE guidelines and 2010 ASE pediatric guidelines. BSA showed good association with diameter of aortic annulus in age groups under 50 year old. This association disappeared in age over 50 year old. Ascending aorta size did not show good association with BSA.
Based on this Table 4 , one can obtain predicted mean aortic diameter with equation below. Mean aortic diameter = β 0 + β 1 × BSA. Then, one can calculate z score as below. Z = (measured aortic root diametermean aortic root diameter)/SD. Table 5 represents intraobserver variability data of aortic root measurements as determined by the 2005 ASE guidelines and the 2010 ASE pediatric guidelines. The mean differences between two measurements were very small and statistically insignificant. Intraobserver comparison of aortic diameters measured by the 2005 ASE guidelines and 2010 ASE pediatric guidelines showed high ICCs (aortic annulus, 0.865 and 0.805; sinuses of Valsalva, 0.962 and 0.965; sinotubular junction, 0.936 and 0.940; ascending aorta, 0.948 and 0.973, respectively). The measurements by 2005 ASE guidelines and 2010 ASE pediatric guidelines showed similar intraobserver variability. Results of interobserver comparisons are shown in Table 6 . Most means and SDs of the differences were larger than those of intraobserver variability.
Discussion
This study detailed the normal values of aortic root measurements assessed with the 2005 ASE guidelines and the 2010 ASE pediatric guidelines in a Korean population. The results demonstrate variable aortic root diameters according to the measurement guideline used.
Background on the development of two different measurement guidelines
Measurement methods in 2005 ASE guidelines and the 2010 ASE pediatric guidelines have been developed independently with several considerations. The results in control subjects studied by Roman et al. [3] were published in era of transition from M-mode to 2D echocardiography. The techniques used for M-mode assessment were transferred to 2D echocardiography for the purpose of comparing the two techniques. Roman et al. state explicitly that "Measurements were made at end-diastole using the leading edge technique". Subsequent studies, including important outcomes studies in Marfan patients [17, 18] , adopted this technique. The availability of normal controls and the publication of outcome studies based on the methods used in earlier studies may have argued for the use of this approach in the 2005 guideline paper by Lang et al. [11] On the other hand, early pediatric echocardiographic investigations measured aortic dimensions at maximum expansion (i.e., at the time of peak aortic wall stress) because of the thought that this measurement would be more predictive of the risk for aortic dissection, a relevant worry in children with aortic enlargement. Children's Hospital Boston group suggested normal control values [19] and measurement method were developed without an awareness of the technique of Roman et al. Some important pediatric studies have utilized the Boston Childrens'/ pediatric technique, including an ongoing study on Marfan syndrome [20, 21] . This may account for why these two guideline documents used different methods for measuring aortic diameters. † P values were obtained by ANOVA for differences of mean aortic diameters measured by 2010 ASE pediatric measurement guidelines according to age groups).
Different measurement results from 2005 ASE and by 2010 ASE pediatric guideline
Differences between two measurements by 2005 ASE guideline (using a leading-leading edge methodology) and 2010 ASE pediatric guideline (using an inner-inner measurement) is quite predictable because the former includes one side of aortic wall thickness, whereas later is not. Sinotubular junction is thinner than ascending aortic wall; thus difference between two methods is minimal (less than 1mm) in sinotubular junction. Measurement of sinuses of Valsalva was different about 1mm which represents aortic wall thickness. However, another important determinant for aortic root measurement is timing of measurement during cardiac cycle. Normal histology of the aortic root shows prominent elastic lamellae in aortic wall, but it ends abruptly at the point of union with the aortic root and fibrous annulus within the sinuses of Valsalva. [22] Therefore, the change of diameter between systole and diastole is normally about 2 mm/m 2 in the ascending aorta and results in different measurements according to cardiac cycle, as has been described previously [23, 24] . Therefore, systolic distension of ascending aorta compared to diastolic phase (aortic distensibility) overwhelms the difference from aortic wall thickness in 2005 ASE guideline. On the other hand, the cycle changes of aortic annulus, sinuses of Valsalva, and sinotubular junction diameters were minimal according to the cardiac cycle because of less elastic tissue in vascular wall [25] . Distensability of ascending aorta decreased with aging process or in pathologic aorta (Takayasu arteritis, Marfan's syndrome etc.), thus difference between two measurements should decrease according to age. Our data shows trend to decrease differences between two measurements of ascending aorta according to age. Unifying these two measurement method can be convenient when pediatric patients grow up and move to adult clinics. However, these two different techniques are now well-accepted practices with predictive information for children and adults. If we apply the pediatric guideline to adult population, the clinical implication of measurement results is unclear because of rare clinical experience. Therefore, both methods are valuable in current era. However, clinician should keep in mind that different data present between pediatric and adult guideline when reviewing previous echocardiographic reports from pediatric echo laboratory.
Another consideration for measurement methods is communication with other modalities. This is an important aspect, as aortic values derived from CT imaging and MRI are based mainly on the inner edge convention, and in the current era of multimodality assessment, comparison between different methods of imaging is mandatory in attempting to facilitate communicability, data exchange, and patient monitoring among different labs. Therefore, relevance in 2010 ASE pediatric guideline (using an inner-inner measurement) is better comparison to other imaging methods and it can make less confusion with the ascending aorta size which clearly expands in systole in medical communication.
Influence of age and BSA in aortic root size
The mean diameters of sinuses of Valsalva, sinotubular junction, and ascending aorta increased as age increased in accordance with previous studies [9, 26] . However, aortic annular diameter did not appear to vary with age. Rather, aortic annulus diameter showed good correlation with BSA.
Association with age and ascending aortic diameter is reported in previous study [26, 27] . Aortic wall of ascending aorta has much elastic tissue. Pressure loading continues during whole lifespan. Therefore, dilation of aorta increases with aging. Diameter of sinus of Valsalva also increase with age in our study and other previous study [27] ; however the growth with age is relatively slower than ascending aorta. Because fibrous tissue is more abundant than elastic tissue in sinus of Salsalva and dilation of sinus of Valsalva is possibly slower than ascending aorta. Blood pressure was correlated with ascending aorta diameter using 2005 ASE guideline. Hypertension is an important risk factor for aortic dissection and aortic aneurysm; however association between ascending aortic diameter and DBP was reported small in Framingham Heart Study group [28] . Our study also shows similar results although we only included the "clinical normal" subjects and impact of blood pressure was possibly denudated in our study. Aortic annulus was strongly associated BSA especially in younger aged population. Predictor of aortic valve diameter with body surface area has been reported in surgical experience [29] . Aortic annulus diameter is associated with body growth in pediatric patients. Larger BSA is associated larger ventricular volume in normal population [30] and normal growth of aortic annulus as cardiac-vascular junction is possibly associated with cardiac size.
Interestingly, this association decreased in old aged group (more than 50 year-old). The cause of this result is uncertain, but similar result was reported in a previous study and it has been speculated that in middle and older age body weight (and hence BSA) may deviate progressively from that during the years when aortic size was programmed, and that subclinical degenerative processes altering aortic composition and distensibility may occur in some but not other persons [9] . Therefore, detecting abnormal aortic dilation should be determined based on individual age, BSA, and gender and z score with regression equation for normal population can be helpful.
Detecting abnormal dilation of aortic root size is important in vascular disease. Aortic root size is adjusted for age and body size, and a Z-score ≥2 is used as the cut-off value. Therefore, providing a normal value according to age is important as a reference and the method for aortic root measurement should be standardized. Furthermore, when diagnosis is made in childhood, regular follow-up for aortic root dilatation is recommended through childhood to adult. In clinics, physicians should identify the measurement method in interpreting the change of aortic root diameters during follow up of these patients. If there is a sudden change of aortic diameter, direct review of echocardiographic images will be helpful. Although the 2005 ASE guidelines recommend measurements of the aortic root from the leading edge to the leading edge, some institutions favor the inner edge to inner edge technique in the measurement of aortic root diameters of adult patients [11] . These measurement methods should be specified in the report because different results by different measurement methods can influence the assessment of patient's prognosis.
Limitation
The number of cases is certainly sufficient for the measurement analysis and comparison between the two methods, however considerations and correlations regarding the influence of all biological variables are limited considering numbers of cases in each decade. As well, gender has not been considered due to limited number of cases in each decade as well as this study is not aimed at ratiometric and allometric analysis.
Conclusion
We evaluated the detailed aortic root diameters with TTE using two different measurement guidelines. Aortic root measurement values, their associations with clinical characteristics, and reliability and validity of measurement with TTE can be influenced by measurement methods and locations within aortic root. Age and BSA influence to aortic root size, however association is different in each site of aortic root. Therefore, physicians should consider not only measurement method used but also different decades of age, BSA, wight, height and gender when assessing the aortic root diameters and their changes during follow-up of patients.
